Background: The responses of immunological factors to different subtypes of Kawasaki disease (KD) remain poorly understood.
Background
Kawasaki disease (KD), also known as mucocutaneous lymph node syndrome, is an autoimmune vasculitis syndrome that occurs in children [1] . Both the prevalence and the incidence of KD are much higher among East Asian children compared with children living in the rest of the world [2] . The primary pathological changes associated with KD include systemic non-specific vasculitis involving both small and medium-sized blood vessels, particularly the coronary arteries, and the possible formation of coronary artery aneurysms, which cause coronary narrowing and thrombotic infarction, resulting in both myocardial infarction and sudden death [3] . KD may cause cardiac complications among children and may increase an individual's risk of ischemic heart disease during adulthood [4] .
Although the pathogenesis of KD has not been fully elucidated, infectious agents are postulated to be responsible for the disease's onset [5] , as both the activation and the dysfunction of the immune system are often observed during the acute phase of the disease [6] . Based on the results of recent research studies, it is possible that the immunopathogenesis of KD is related to acute rheumatic fever. The hypothetical pathogenesis underlying the development of KD is as follows [7] : following an infection involving an unknown KD pathogen, pathogenic substances produced as a result of the infection spread and bind to the endothelial cells of both small and medium-sized blood vessels. To control the actions of these pathogenic substances, the cells of the immune system are activated. Initially, non-specific T cells and non-specific antibodies are involved in this reaction; these hyperactivated immune cells produce various types of cytokines, which results in a cytokine imbalance associated with further endothelial cell injury [7] . Following the resolution of the inflammation involving the blood vessels, specific T cells and antibodies are released against the pathogenic proteins; tissue injury subsequently ceases, and a repair process involving the immune cells begins [7] .
Therefore, this hypothesis implies that the lymphocyte levels in patients with KD may be different from those observed in both normal control subjects and febrile patients and that the levels of these lymphocytes may vary among the subtypes of KD. However, the mechanisms underlying the changes involving the T cells, the B cells, the natural killer cells and the immunoglobulins in patients with KD remain unclear; therefore, no accurate diagnostic tests or laboratory tests that may help clinicians differentiate among the subtypes of KD have been developed [6, [8] [9] [10] . It is necessary to determine the mechanisms underlying the changes involving IgG, IgM and IgA, C3 and C4 and T cells, B cells and NK cells in the different types of KD to determine the possible role that a particular diagnostic test may have in the setting of KD. In this study, we performed a comparison of the immunological response profiles of children with different subtypes of KD.
Methods

Subjects
A total of 388 hospitalized patients with KD (262 boys and 126 girls) between 2 months and 14 years of age were recruited from Wuhan Children's Hospital, Wuhan, China, from August 2010 to April 2013. Each of the patients had been previously healthy, as their symptoms had first manifested within 10 days of their being hospitalized. Children receiving either hormone therapy or immunosuppressive therapy, children who had suffered from an infectious disease that was diagnosed by a physician and confirmed via laboratory testing within the previous 2 weeks, and children who suffered from another autoimmune disease were not eligible for the study. All study procedures conformed to the ethical standards established by the Medical Ethics Committee of Wuhan Children's Hospital and were approved by the Commission. All study protocols conformed to internationally accepted principles and the guidelines of the Ethics Committee of Wuhan Children's Hospital. Informed consent was authorized by the Medical Ethics Committee of Wuhan Children's Hospital. Consent was provided by the patient's next of kin, caretaker, or guardian. Each participant or individual acting on their behalf provided written informed consent to participate in this study.
Controls
The febrile control group included children enrolled from August 2012 to April 2013. A total of 160 patients, including 104 males and 56 females between 2 months and 11 years of age, with an average age of 2.43 ± 2.20 years, were included. The febrile controls included children with febrile diseases caused by respiratory tract infections, including pneumonia, bronchopneumonia, and acute tonsillitis. The normal control group was recruited from January to December, 2013. A total of 85 patients, including 54 males and 31 females between 4 months and 13.17 years of age, with an average age of 2.49 ± 1.89 years, were recruited. The normal controls included patients who presented for routine health examinations, circumcisions or indirect inguinal hernias. No significant difference was noted among the three groups regarding the children's ages. The age ratios of the male and female participants in each of the control groups were not significantly different.
The diagnostic criteria for KD
The diagnosis of KD was made using the criteria defined by the American Heart Association [11, 12] . A child was diagnosed with typical KD if he or she had fever for 5 days or more, with at least 4 of the following 5 signs or symptoms: (1) acute changes in the extremities, including erythema and edema of the hands and feet and membranous desquamation of the fingertips; (2) polymorphous exanthema; (3) bilateral, painless bulbar conjunctivitis without exudate; (4) changes in the lips and oral cavity, including erythema and cracking of lips, a strawberry tongue, and diffuse injection of the oral and pharyngeal mucosa; and (5) cervical lymphadenopathy (≥1.5 cm in diameter), which is usually unilateral [11, 12] .
The diagnosis of incomplete KD
The diagnosis of incomplete KD was also made using the criteria of the American Heart Association [11, 12] . A child was diagnosed with incomplete KD (or atypical KD) if he or she had fever for more than 5 days but had fewer than 4 of the 5 clinical manifestations mentioned above.
The diagnostic criteria of the coronary artery lesions (CAL)
The CAL diagnostic criteria were also defined by the American Heart Association [11, 12] , as follows: (1) 
The treatment of patients with KD
The IVIG treatment window occurred within 5 to 10 days following the onset of fever. The lyophilized human serum low pH intravenous gamma globulin was produced by the Chengdu Institute of Biological Products at the Ministry of Health. A single intravenous infusion of IVIG was given at a dose of 2 g/kg and combined with aspirin therapy at a dose of 30~50 mg/(kg • d); these treatments were divided into 3 to 4 doses for continuous treatment until each patient's symptoms disappeared, as indicated by a normal level of C-reactive protein, a normal platelet count, a normal white blood cell count, and a normal erythrocyte sedimentation rate, after two months had passed. The course of treatment for concurrent CAL included the prolonged administration of aspirin until each patient's coronary artery diameters returned to their normal values. The patients suffering from concurrent CAL or exhibiting PLT ≥ 500 × 10 9 /L were simultaneously treated with oral dipyridamole, 30~50 mg / (kg.d).
The criteria of both sensitive and non-reactive KD for intravenous immunoglobulin (IVIG) therapy
After IVIG treatment was administered, the diagnosis of non-reactive KD was confirmed if the patient's fever (i.e., body temperature >38°C) did not disappear within 48 h of the most recent infusion [13] . If the fever resolved, the patient's KD was diagnosed as IVIG sensitive KD.
Specimen collection
Four milliliters of venous blood were split into a coagulant tube and an EDTA-tube. Both the immunoglobulins and the lymphocyte subsets were assayed within 8 h. All specimens were collected before beginning IVIG treatment.
Instruments and reagents
An FACS Calibur flow cytometry instrument equipped with an argon ion laser with an excitation wavelength of 488 nm was manufactured by BD Biosciences. The immunoglobulin detector, a BN-II special protein analyzer, was produced by Siemens. Philips IE33 color Doppler echocardiography was used for the UCG examination, and the probe was an S8-3 child-specific cardiac probe.
The CD4-APC, CD8-PE, CD3-FITC, CD19-APC, CD16CD56-PE fluorescent antibody, hemolysin (10×) and absolute count tubes (Trucount tube) were each purchased from BD Biosciences.
Detection via flow cytometry
Approximately 50 μl of whole blood were aspirated into a Trucount tube, and 20 μl of fluorescent antibody was subsequently added. After 20 min, 450 μl of hemolysin (1×) were added in the dark at room temperature and allowed to remain at room temperature for 15 min before testing. The automatic software Multi TEST was utilized to analyze the lymphocyte subsets.
Statistical analysis
The differences among three groups were compared via ANVOA, and the differences between two groups were compared using an independent samples t-test. SPSS 12.0 statistical software was utilized to complete the statistical analysis. P <0.05 was considered statistically significant.
Results
Study participants
All 388 patients were recruited from Wuhan Children's Hospital. As shown in Table 1 and 2, the mean age of the participants was 2.30 years (range: 0.17-14) old, and 32.47 % of the participants were girls. The majority of the patients (n = 213, 54.0 %) suffered a prodromal infection. Three hundred and seventy-three patients (96.13 %) were diagnosed with typical KD. One hundred patients (25.78 %) were diagnosed with CAL, and 364 patients (93.81 %) were responsive to IVIG treatment. The incidence rate of KD was higher among male patients than female patients, but the age of onset was not different between the male and female patients. A comparison of the lymphocyte subsets and the immunoglobulins between the typical KD group and the incomplete KD group
As shown in Table 5 , compared with the incomplete group, the absolute values of the CD3, CD4 and CD8 cells were significantly lower among the patients with typical KD (p <0.05), whereas the percentage of the CD3 cells was lower, and the percentage of the CD19 cells was markedly higher among these patients (p <0.01). As shown in Table 6 , there were no significant differences in the levels of immunoglobulins and complement between the typical KD group and the incomplete KD group.
A comparison of the lymphocyte subsets and the immunoglobulins between the IVIG nonresponsive group and the IVIG sensitive group
As shown in Table 7 , compared with the IVIG nonresponsive group, the absolute values of the CD3, CD4, CD8, CD16CD56 and CD19 cells were significantly higher among the patients in the IVIG sensitive group (p <0.01 and p <0.05), and the percentages of the CD3, CD4, CD8 and CD19 cells were markedly higher in this group (p <0.01 and p <0.05). As shown in Table 8 , the levels of C3 were significantly higher among the patients of the IVIG sensitive group (p <0.05). As shown in Tables 9 and 10 , there were no differences in the levels of either the lymphocyte subsets or the immunoglobulins between the CAL group and the non-CAL group.
A comparison of the lymphocyte subsets and the immunoglobulins between the infection group and the non-infection group
As shown in Tables 11 and 12 , compared with the noninfection group, the levels of C3 and C4 were significantly higher in the infection group (p <0.01).
Discussion
Kawasaki disease was first described in Japan in 1967 and is most common among children in Asian and Pacific Island countries, although it affects children of all ethnicities and races. To date, making an accurate diagnosis remains critical in managing KD; however, the etiology of KD is unknown, and no accurate diagnostic tests or laboratory tests have been developed [14] .
Therefore it is necessary to analyze clinical data as a means of developing a diagnostic test for KD. In our study, we analyzed 388 patients with KD, as well as 160 patients with febrile disease and 85 normal control subjects, to analyze the differences in the absolute values and the percentages of the lymphocyte subsets, immunoglobulins and complement types. The data indicated that no differences existed among the three groups regarding the patients' ages, nor were any differences regarding male and female gender noted among the groups. The results of this study indicate that the immune statuses of the patients with KD patients were abnormal and that differences in the amounts of specific types of immune cells were noted when compared with either the normal or the febrile control subjects. With the onset of either KD or another febrile disease, both the absolute values and the levels of the CD4+ cells were elevated, which suggested that the helper T cells were activated in response to elevated body temperatures. Regarding the CD8+ cells, the febrile group exhibited a greater degree of elevation; however, the patients with KD exhibited the opposite trend, which indicated that the changes in the levels of the CD8+ cells may represent a distinction between the KD group and the febrile group. Furthermore, the ratio of CD4/CD8 was significantly different among the patients with KD, the infectious febrile patients and the normal children. By contrast, the CD16 and CD56+ cells (NK cells) in KD group exhibited decreased levels, particularly where the percentages of the NK cells were concerned. The CD19+ cells (B cells) were another distinguishing feature of the patients with KD. When the body temperature increased, the percentages and absolutes value of the B cells became elevated in the patients with KD compared with the patients in the infectious febrile group, which demonstrated that elevated B cell levels may be a characteristic used to distinguish these patients from both normal and infectious febrile patients.
We also investigated changes in the levels of the immunoglobulins and the complement types among the patients with KD. The results indicated that the level of IgG was significantly higher in the infectious febrile group compared with the other groups; however, the level of IgM was not characterized by the same pattern, which demonstrated that elevated IgG levels were characteristic of infectious febrile diseases. Regarding the levels of IgA, both the KD group and the febrile group exhibited markedly elevated levels compared with the normal group; however, there was no significant difference between the KD group and the Febrile group, which implied that the levels of IgA may rise both in the setting of KD and in the setting of infectious febrile diseases, and may therefore not be a distinctive marker of either pathology. Regarding the complement types, the level of C4 followed the same trend as did IgG. By contrast, the level of C3 was significantly elevated among the patients with KD patients, more so than among the patients in the infectious febrile group, which demonstrated that the C3 levels may be a parameter used to distinguish KD from other diseases.
The results of these comparisons suggested that the most typical differences between the patients with KD and both the normal children and the infectious febrile patients were the levels of the B cells, C3 and ratio of CD4+ to CD8+ cells. The percentages of the CD8+ T cells and the NK cells were also indicative of differences Data were shown as mean ± SD. * p <0.05 compared to non-CAL group, ** p <0.01 compared to non-CAL group among the groups, but this relationship did not apply to their absolute values. The levels of the CD3+ T cells were also significantly different among the three groups, but the absolute value of the CD3+ cells in infectious febrile group was much higher than that of the normal group, whereas the percentage was not significantly different from that of the normal group. These results implied that the focus of future KD research may involve B cells, C3, and the CD4/CD8 ratio, as well as the percentages of CD8+ T cells and NK cells; the absolute value of CD3+ cells may also be useful in defining appropriate diagnostic and laboratory tests for KD. The pathogenesis of KD remains unknown. Previous research has suggested that several single nucleotide polymorphisms may associated with a genetic susceptibility to KD, including functional polymorphisms of the FC gamma RIIa locus and the ITPKC gene [15] . The ITPKC gene is a T-cell activity modulator, which suggests that T cell activity regulation may be an underlying mechanism affecting both an individual's predisposition to developing KD and the severity of the disease's course [6] . Our research indicated that the absolute value of the CD3+ cells and the ratio of CD4 to CD8 are distinguishing features of patients with KD. However, the genes encoding B cells and C3 may also be associated with the pathogenesis of KD.
Recent studies have determined that the predomination of IgA plasma cells within mucosal surfaces is a common characteristic of many of the infectious diseases of childhood, as well as KD [8, 16, 17] , which suggests that an immune response in a genetically susceptible patient following exposure to a pathogen represents the primary pathogenesis of KD. However, no studies have confirmed this hypothesis [18] . Our research determined that among patients with KD, the levels of the B cells and C3 were both elevated compared with those of normal children and patients with infectious febrile diseases, which demonstrated that infection may be only a trigger for the development of KD and that the primary pathogenesis of the disease may involve the immune system. The elevated B cell levels and elevated C3 levels may indicate that the humoral immune response predominates in patients with KD and that the combination of a lack of cellular immunity and an elevated complement level causes the disease.
We compared the levels of the lymphocyte subsets and the complement types between patients with typical KD and patients with incomplete KD, patients who were IVIG nonresponsive and patients who were IVIG sensitive, CAL and non-CAL subgroups and patients who experienced a prodromal infection and patients who did not experience infection to identify more clinical features with which to differentiate between these subgroups.
Incomplete KD describes patients with an incomplete presentation of the disease, irrespective of the presence of coronary complications, who do not fulfill the classical diagnostic criteria for KD. Comparisons of complete blood counts, albumin levels, hepatic transaminases, and acute phase reactants between the children with typical KD and the children with incomplete KD yielded no significant differences; however, low levels of serum alanine aminotransferase and gamma glutamyltransferase, as well as low frequencies of hyponatremia and pyuria, were reported among the patients with incomplete presentations [19] . However, distinguishing incomplete KD from typical KD remains tied to patients' clinical presentations as opposed to their laboratory values. Therefore, we compared the lymphocyte subsets, immunoglobulins and complement types between the patients with incomplete KD and the patients with typical KD to find candidates for the laboratory-based differentiation of the subsets of KD. The absolute values of the CD3+, CD4+ and CD8+ T cells were much lower in the typical KD group, which implied that T cellmediated immune reactions do not predominate in the setting of typical KD. B cell-mediated immune reactions appear to be the primary mechanisms underlying the Data were shown as mean ± SD. * p <0.05 compared to non-infection group, ** p <0.01 compared to non-infection group pathogenesis of KD, as the percentage of CD19+ cells was markedly elevated in the typical KD group. These data demonstrate that the low expression levels of T cells and the high expression levels of B cells may be associated with typical KD. Recent studies have focused on the regulation of T-cell activation as a critical factor in determining an individual's susceptibility to Kawasaki disease, as well as the severity of an individual's disease [6] . However, incomplete KD is characterized by a higher T-cell level, which implies that T cell dysregulation plays a role in this disease. It also represents a means with which to differentiate incomplete KD from typical KD. The treatment for KD is IVIG plus aspirin within 10 days of the onset of symptoms to reduce the risk of coronary artery complications [20] . Therefore, we used IVIG with aspirin to treat KD and attempted to determine if there were any differences between the IVIG sensitive group and the IVIG nonresponsive group. In the IVIG sensitive group, the levels of each of the T cell subgroups, the B cells and the NK cells, but not the ratio of CD4/CD8, were significantly higher than those of the IVIG nonresponsive group, which demonstrates that the immunological responses in the body were activated. Likewise, the percentages of the CD3+, CD4+ and CD8+ cells were significantly increased, and the percentage of the CD19+ cells was significantly decreased in the IVIG sensitive group, which implied that in the IVIG sensitive group, the T-cell-mediated immune responses predominated. Therefore, we can deduce that with increases in the levels of T cells, KD will be more sensitive to IVIG treatment, regardless of the parameters' absolute values or percentages. There have not been any reports regarding the specific characteristics of KD patients that may make them more likely to be sensitive to IVIG. Our research may help in the identification of markers that are predictive of IVIG sensitivity. Additionally, IVIG resistant KD may be associated with other processes, as opposed to only T-cell-mediated immunological reactions.
KD is a type of systemic vasculitis syndrome that primarily invades the medium-sized muscular arteries, particularly the coronary arteries. Coronary arteritis results in the immediate inflammation of each of the arterial layers following the onset of KD; the inflammation subsequently spreads throughout the artery [5] . We analyzed the lymphocyte subsets and the immunoglobulins between the CAL and the non-CAL group. There were no differences between the groups, which implied that how to predict onset of arteritis may be associated with another type of indication.
Although the underlying mechanism of KD is unknown, epidemiological data suggest that the disease is inked with the increased activation of the immune system in response to infection [14, 21] . However, the exact mechanism is unknown. In this study, we compared the lymphocyte subsets and the immunoglobulins between the patients who suffered a prodromal infection and the patients who did not suffer an infection. The results demonstrated that only the levels of C3 and C4 were lower in the infection group than in the non-infection group. C3 and C4 are the most commonly measured complement components and help the body's immune system to react to both inflammation and infection. Decreased complement levels are often associated with an increased risk of developing autoimmune diseases or developing recurrent microbial infections [22] . Therefore, the patients with KD who suffered from prodromal infections may also have suffered from autoimmune reactions. Further investigation of this issue is warranted.
For this study, we recruited 388 patients with KD, as well as 160 infectious febrile patients and 85 normal children who served as control subjects, to explore the differences among these groups' lymphocyte subsets, immunoglobulins and complement types. The results indicated that the differences that distinguished the patients with KD from the infectious febrile patients and the normal children pertained to the B cells, C3 and the ratio of CD4/CD8, as well as the percentages of CD8+ T cells and NK cells and the absolute value of the CD3+ cells. We also compared the profiles of both the lymphocyte subsets and the immunoglobulins between the patients with typical KD and the patients with incomplete KD, and the patients in the IVIG sensitive group and the patients in the IVIG nonresponsive group, the CAL and the non-CAL group, and the patients who suffered a prodromal infection and the patients who did not suffer an infection. These comparisons provided evidence that decreased T cell levels and elevated B cell levels distinguished typical KD from incomplete KD and that elevated T cell levels, NK cell levels and B cell levels, as well as decreased B cell percentages, may be helpful in predicting IVIG effectiveness, whereas low C3 and C4 levels may be associated with prodromal infections. Lymphocyte subsets and complement types may be markers with which to differentiate KD from other Data were shown as mean ± SD. * p <0.05 compared to non-infection group, ** p <0.01 compared to non-infection group infectious febrile diseases and from normal children, and may also be helpful in distinguishing between typical KD and incomplete KD, IVIG sensitivity and IVIG unresponsiveness and patients with prodromal infections and those without prodromal infections. These findings may help to guide the diagnosis of KD and to assist in the differentiation of KD from other diseases, as well as to understand the underlying pathophysiology of the various subtypes of KD.
Conclusions
Lymphocytes subsets and complements might be some markers for differentiating KD from other infectious febrile diseases and normal children, and also helpful to distingush incomplete KD, IVIG nonresponse and prodromal infection of KD from the status of typical KD, IVIG sensitive and no prodromal infection. These findings shall help to guide diagnosis and differentiation of KD and understand disease pathophysiology of various subtypes of KD.
